Monoclonal antibodies specific for different types of intermediate filaments (cytokeratin, vimentin, desmin and neurofilaments) were used to study the histogenesis of canine mammary glands and 57 canine mammary tumors by immunocytochemistry. The intra-and interlobular duct epithelium, acinar, and intralobular myoepithelial cells stained positively for cytokeratin. Peripheral ductal and acinar cells, as well as interstitial cells, stained positively for vimentin. A similar staining pattern was seen in adenomas, complex adenomas, benign mixed tumors, ductular carcinomas, and one myoepithelioma-like tumor. Additionally, cytokeratin positive cells were scattered interstitially in one single adenoma, most complex adenomas, some benign mixed tumors, complex carcinomas, and in the malignant mixed tumors. All stromal cells stained positively for vimentin. The fibrosarcomas were positive only for vimentin, while the following expressed both desmin and cytokeratin: epithelial-like cells in one adenoma, three complex adenomas, the myoepithelioma-like tumor, the single comedo carcinoma, two complex carcinomas, the single lobular carcinoma, one malignant mixed tumor, and three osteosarcomas. Epithelial-like cells in one adenoma, six complex adenomas, two benign mixed tumors, two complex carcinomas, the lobular carcinoma, and the malignant schwannoma stained for neurofilaments. Three tumors, one adenoma, one complex adenoma, and the lobular carcinoma expressed both desmin and neurofilaments in addition to cytokeratin and vimentin. The results show the expression of different types of intermediate filaments and indicate that there might be a stem cell origin in most of the canine mammary tumors.
Different opinions about the histogenesis of canine mammary tumors have resulted in different classific a t i o n~.~J~%~~ One classification is based upon the hypothesis that mesenchymal tumors of the canine mammary gland originate from the myoepithelial cells. 9 Another theory is that the mesenchymal tissue of canine mammary tumors is heterotopic tissue of mesodermal origin. 25 The classification according to Hampe and Misdorp, 13 which is based on the histology of the tumors, divides the mixed tumors into complex adenomas and carcinomas, respectively, when the myoepithelial cells are thought to be involved. They also divide the tumors into benign and malignant mixed tumors, respectively, when the mesodermal tissue is thought to be involved. This classification includes tumors of pure mesodermal origin, such as benign softtissue tumors and sarcomas. 13 Studies of the role of the myoepithelial cells in canine mixed mammary tumors are based on ultrastructural s t u d i e~.~~,~~ Immunohistochemical studies with monoclonal antibodies against cellular intermediate filaments have shown five different tissue specific types. Epithelial cells express cytokeratin filaments; mesenchymal cells, vimentin filaments; muscle cells, desmin filaments; nerve cells, neurofilaments; and astrocytes, glial fibrillary acidic protein (GFAP) filaments.23 About 20 different subtypes of cytokeratins have been described. 21 The expression of prekeratin in myoepithelial cells in rat and cow salivary and mammary glands confirms their epithelial ~rigin.'O,~~ The same myoepithelial cells did not stain for vimentin or desmin.lO Vimentin positive myoepithelial cells in the rat mammary glands have, however, been shown in another
The expression of intermediate filaments in tumors shows that carcinomas are stained by cytokeratins, nonmuscle sarcomas by vimentin, muscle sarcomas by desmin, certain nerve cells tumors by neurofilaments, and gliomas by GFAP. 23 The stability of intermediate filaments makes it possible to characterize and study the histogenesis of different tumors by the use of monoclonal antibodies against intermediate filaments.
Pleomorphic adenomas in human salivary glands show many histologic similarities to canine mammary mixed tumors. Studies of intermediate filaments in pleomorphic adenomas have shown expression of cytokeratin and ~i m e n t i n .~,~J~ The expression of both keratin and vimentin has also been reported in adenoid cystic carcinomas of human salivary glands.2 A stem cell potential of myoepithelial cells was suggested in 1970 by Hamperl. He called these cells my0the1ial.l~ 420 Stem cells in the rat mammary gland also have been de~cribed.~,~' Mammary cells in the rat fetus have been found to "home-in" onto end buds and the myoepithelial layer of ducts in adult mammary glands. The authors suggest that the myoepithelial layer contains several cell types, out of which two are pl~ripotent.~ Spindle cell tumors of the human breast have recently been found to express both vimentin and cytokeratin.* This study investigates the expression of intermediate filaments in canine mammary glands and tumors to improve our understanding of the histogenesis of these tumors.
Materials and Methods
Surgical specimens from 5 7 spontaneous canine mammary tumors and five canine mammary glands were put on ice immediately after removal. Fresh-frozen, human breast tissue from breast cancer patients was used as a control. Different types of tumors were examined ( Table 1 ). The histology of the canine mammary gland and some tumors was illustrated (Figs. 1-6).
Light microscopy
All specimens were fixed in 10% neutral buffered formalin and embedded in paraffin. Sections were stained with hematoxylin and eosin (HE). In addition, frozen sections from samples for immunocytochemistry were also stained with HE in order to correlate histologic and immunocytochemical findings.
Immunocytochemistry
The tumors and the mammary tissue were frozen in isopentane that was cooled in liquid nitrogen and then stored in a -70 C freezer. Cryostat sections were cut at -20 C and either immediately stained or stored at -70 C until used.
The sections were fixed in acetone. After rinsing in 0.05 M tris buffer (pH 7.6) and incubation in normal rabbit serum, the sections were incubated with antibodies against cytokeratin ([l : 1001, CK1, which reacts with a number of keratin filaments including keratins 6 and 18, but not significantly with keratins 1, 8, or 19; this antibody as well as the others were from Dakopatts, Denmark), vimentin (1 : 20), desmin (1 : loo), and neurofilaments (68 kD subunit, 1 :200) for 30 minutes at room temperature. The sections were then rinsed in the tris buffer and incubated with biotin conjugated antibody ([l : 2001, Dakopatts, Denmark) for 30 minutes at room temperature. The sections were rinsed again with the tris buffer and incubated with peroxidase conjugated biotinavidin complex for 30 minutes at room temperature. After rinsing in the tris buffer, the sections were treated with the substrate solution 3-amino-9-etylcarbazole (BDH, England) and then rinsed with tap water. Counterstaining was done with Mayer's hematoxylin, and, after rinsing with tap water, the sections were mounted in glycerol gelatin. Human breast tissue was initially used as control material. It was later replaced by canine mammary tissue. No staining was seen when the primary antibody was replaced by the tris buffer (negative controls). The staining intensity was qualitatively evaluated, using an arbitrary scale: 0.25 = very weak to 3.0 = very strong staining.
Histologic classification
The classification of the tumors was mainly based on descriptive morphology13 for an appropriate comparison of the expression of the intermediate filaments. Our classification, which has already been described,I6 is mainly in agreement with the classification according to Fowler et al. 9 The epithelial tumors were classified based on their histogenesis. Benign tumors originating from the alveoli and intralobular ducts were diagnosed as adenomas. The malignant counterpart diagnosed as lobular carcinoma was restricted to alveolar origin. Malignant tumors from the mammary ducts were diagnosed as ductular carcinomas. The ductular carcinomas were subgrouped into scirrhous, complex, comedo, and solid types. The benign mixed tumors were grouped into complex adenomas, when there was a proliferation of myoepitheliallike cells besides the epithelial tissue, and into benign mixed tumors, when chondroid and/or bone tissue was present in addition to the epithelial tissue. The diagnosis fibroadenoma was used when the interstitial tissue was composed of fibroblasts. The diagnosis malignant mixed tumor was only used when both the epithelial and the mesenchymal components were diagnosed as malignant. The sarcomas were classified according to their histologic appearance.13
Results
The immunocytochemical results are discussed below using the categories listed in Table 1 .
Mammary gland
The epithelium in the inter-and intralobular ducts in the canine mammary glands were positively stained for cytokeratin. The epithelium in the acini stained negatively with the same antibody (Fig. 7) . The myoepithelial cells in the intralobular ducts and in the acini 
Lobular carcinoma
This tumor reacted positively with all tested antibodies. It was strongly positive for cytokeratin and desmin and moderately positive for vimentin and neurofilaments. The positive staining appeared in the periphery of the lobules, indicating myoepithelial cells or probable basal cells (Fig. 11 ).
Ductular carcinoma
All 11 ductular carcinomas were strongly positive for cytokeratin (epithelial cells) and vimentin filaments (interstitial tissue). In four out of seven complex carcinomas, there were cytokeratin positive cells intermingled with the interstitial cells (Fig. 12 ). The myoepithelial-like cells (in addition to the interstitial tissue) stained for vimentin in six cases. In one complex carcinoma, the basement membrane region stained for vimentin. Some epithelial ducts in two complex carcinomas stained positively for desmin and neurofilaments. The epithelial cells in the comedocarcinoma, regardless of cell position and in addition to cytokeratin and vimentin, also stained moderately for desmin. There were no myoepithelial-like cells in this tumor (Fig. 13 ).
Malignant mixed tumor
The epithelial tissue and single cells of two malignant mixed tumors were strongly positive for cytokeratin filaments and the interstitial tissue for vimentin. Some epithelial-like cells in one tumor were also weakly positive for desmin.
Fibrosarcoma and osteosarcoma
The tumor cells in these sarcomas stained strongly positive for vimentin. One osteosarcoma was also positive for cytokeratin, indicating epithelial islands within the tumor. Three osteosarcomas were very weakly to moderately positive for desmin filaments in addition to vimentin (Fig. 14) .
Malignant schwannoma and malignant lymphoma
The malignant schwannoma was moderately positive for vimentin and neurofilaments. The malignant lymphoma stained moderately for vimentin.
Discussion
The use of antibodies to tissue specific intermediate filaments has increased the possibility of studying the histogenesis of canine mammary tumors. The antibodies available are, however, raised against human tissues. Control experiments showed identical staining properties in both human and canine mammary tissue.
In general, epithelial cells stain positively for cytokeratin. Mesenchymal cells stain positively for vimentin, muscle cells for desmin, nerve cells for neurofila-ments, and astrocytes for glial fibrillary acidic Additionally, there are some normal cell types that express more than one type of intermediate filaments.
Vascular smooth muscle cells, for example, stain positively for desmin and ~i m e n t i n .~~ Expression of cytokeratin, vimentin and desmin has been reported in mesothelial cells.3o Some cells of the parotid gland express prekeratin and ~i m e n t i n .~ Our detection of cytokeratin in the epithelial interlobular and intralobular ducts as well as in the myoepithelial cells is in agreement with previous re-p~r t~.~~J~~~~ The apparent absence of cytokeratin in the acinic epithelium indicates that these cells express other cytokeratin filaments, of which there are about 20 different types described. 21 The fact that basally located cells, diagnosed as myoepithelial-like cells, in our study stained positively for vimentin antibodies has, to our knowledge, not been found in human breast t i s~u e . '~,~~ It has, however, been demonstrated in rat mammary myoepithelial cells3' as well as in triangular-shaped cells at the peripheral border of the ducts in human salivary gland^.^,^ The presence of ductal stem cells in human salivary glands seems A monoclonal antibody that detects human myoepithelial cells as well as basal cells in other epithelia has been r e p~r t e d .~
The fact that the myoepithelial cell layer in rat mammary ducts has been shown to contain several cell types (of which two are considered pluripotent) and, therefore, should be called the "basal" cell layer gives further support to a stem cell theory. ' We think that it is necessary to study the intermediate filaments at an ultrastructural level to characterize the cells that stain positively for vimentin in the mammary gland.
The detection of cytokeratin and vimentin found in complex adenomas and benign mixed tumors in this study is in agreement with the findings in human pleomorphic a d e n o m a~.~-~~'~,~~ The histology of human pleomorphic adenomas is often similar to that of the complex adenomas and benign mixed tumors in the canine mammary gland. The tendency of desmin and/ or neurofilaments, cytokeratin, and vimentin to stain positively in epithelial-like cell formations in both complex adenomas and benign mixed tumors might indicate a stem cell origin in these tumors.
Expression of both keratin and vimentin in human adenoid cystic carcinomas of salivary glands has also been reported, indicating that coexpression is not restricted to pleomorphic adenomas.2 Some of the cells in one adenoma, the myoepithelioma-like tumor, two complex carcinomas, the single comedo carcinoma, the single lobular carcinoma, one malignant mixed tumor, and three osteosarcomas were weakly positive for desmin filaments. The same adenoma, two complex carcinomas, and the lobular carcinoma stained positively in certain areas for neurofilaments. This gives them similarities to the canine mixed tumors that might indicate a common histogenesis. Further studies of these tumors are necessary before any conclusions can be drawn.
All fibrosarcomas in our study stained only for vimentin. The fibrosarcomas might be derived from true fibroblasts, though a mesenchymal stem cell phenotype can neither be proven nor disproven. Another cell type in the stromal breast tissue is the myofibroblast, which is believed to express only vimentin filaments.28 Myofibroblasts have been reported in different human tumors, including breast cancer22 as well as in a cat mammary ~arcoma.'~ It has not been determined whether these cells constitute a specific cell type, though most authors state that myofibroblasts are modified fibroblasts. 22, 28 The presence of cytokeratin positive, epithelial-like cell islands in one osteosarcoma, and the fact that these islands seemed to constitute a part of the tumor parenchyma, is not in agreement with other reports in canine mammary tumors where no transition between carcinoma and osteosarcoma was seen.13J0
Fibroadenomas are not common in the canine mammary gland. The only tumor of this type in our study showed a distinct outlining of the epithelial and myoepithelial cells with cytokeratin. Vimentin staining was negative in the myoepithelial region. This staining pattern differs from that of the benign mixed tumors. The stromal cells in human fibroadenomas stain positively for myosin but negatively for keratin, indicating that they are myofibroblasts.'* An ultrastructural study of human fibroadenomas showed that the myoepithelial cells were not involved.'
Mammary glands, as well as salivary glands, are embryologically derived from the ectodermal germ layer.11J9 Epidermal mammary stem cells27 and salivary gland stem cells4 have been described. It is not fully understood whether these cells express all the different phenotypes seen in mammary and salivary gland tumors. For comparison, mesodermal stem cells in the endometrium and ovaries can express epithelial as well as different mesenchymal tumors in human, mixed mullerian t u r n~r s . '~ In conclusion, our results indicate that there might be a stem cell origin in canine mammary tumors, but additional studies on the origin and potential of the stem cells are necessary.
